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A B S T R A C T
Purpose: To describe the stabilization of early adult-onset myopia in three university students after
initiating orthokeratology treatment with corneal refractive therapy contact lenses.
Methods: Three Caucasian early adult-onset progressing myopic subjects (1 male, 2 females) were ﬁtted
with corneal refractive therapy lenses to correct myopia between 1.50 and 2.50 D of sphere using
Paragon CRT (Paragon Vision Sciences, Mesa, AZ) lenses for overnight orthokeratology. The pre-treatment
refractive history from 2005 as well as refraction and axial length after treatment onset are reported over
a period of 3 years between December 2009 and January 2013 with an additional year of follow-up after
treatment discontinuation (January–December 2013). The peripheral refractive patterns and topographic
changes are also reported individually.
Results: Treatment was successful in all three subjects achieving uncorrected visual acuity of 20/20 or
better monocularly. During a period of 3 years of follow-up the subjects did not experience progression in
their refractive error, nor in their axial length (measured during the last 2 years of treatment and 1 year
after discontinuation). Furthermore, the subjects recovered to their baseline refraction and did not
progressed further over the following year after lens wear discontinuation.
Conclusions: We cannot attribute a causative effect to the orthokeratology treatment alone as underlying
mechanism for myopia stabilization in this 3 patients. However, the present report points to the
possibility of stabilization of early adult-onset myopia progression in young adults using corneal
refractive therapy treatment.
ã 2015 British Contact Lens Association. Published by Elsevier Ltd. All rights reserved.
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Early onset myopia is the primary condition indicated for
myopia control treatments involving different strategies. Children
with myopia experience a faster rate of myopia progression
between 8 and 12 years of age [1] and commonly progress at lower
rates during adolescence and adulthood. Furthermore, there is
evidence that younger children may progress in nearsightedness as
a function of the time spent reading [2,3]. As a consequence,
childhood-onset myopia presents a greater risk for higher dioptric
values and a worse prognosis for potential co-morbidities in
adulthood [4].
Early adult-onset myopia is regarded as being a more benign
condition since it commences later in life and progresses at slower
rates [5,6], and reaches lower ﬁnal degrees of myopia compared* Corresponding author.
E-mail address: jgmeijome@ﬁsica.uminho.pt (J.M. González-Méijome).
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accommodative and binocular function compared to age matched
emmetropes [7]. Contrary to childhood-onset myopia, early adult-
onset myopia rarely achieves values above 5.00 or 6.00 diopters
of myopia which are generally associated with pathological myopia
[8]. Despite this, eyes with lower values of myopia are also at
signiﬁcant risk of developing several pathological complications
that might compromise visual function such as accommodative
dysfunction and retinal pathology [3]. This is a matter of concern
because of the potential future sequelae which includes severe
retinal disease.
Corneal refractive therapy has reinforced its role as a viable
option to correct low-to-moderate myopia during the last 10 years
[9]. Corneal refractive therapy has proved to be efﬁcacious to slow
myopia progression in children in at least 5 different peer reviewed
and published studies around the world [10–15], including one
controlled randomized clinical trial [16–18]. However, these
studies have been conducted only in early onset myopia. However,
it might be the case that progression of adult-onset myopic couldts reserved.
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same working principles of inducing relative peripheral myopic
refraction.
The purpose of this case series of three individuals is to report
axial and peripheral refraction, corneal topography and axial
length over a period of four years after being ﬁtted with corneal
refractive therapy lenses.
2. Case reports
The three subjects were university students participating in a
study involving myopia correction with corneal refractive therapy
(Paragon CRT, Mesa, AZ) and decided to remain in this modality ofFig. 1. Differential tangential curvature maps depicting the treatment zone of right 
Please cite this article in press as: J.M. González-Méijome, et al., Stabili
Contact Lens & Anterior Eye (2015), http://dx.doi.org/10.1016/j.clae.2015visual correction after the study had ﬁnished by December 2009
[19]. They underwent yearly examinations thereafter between
January 2010 and December 2012 comprising three years of
corneal refractive therapy treatment and one year after lens
discontinuation between January and December 2013, including
non-cycloplegic refraction, corneal topography (Medmont E300,
Australia) and axial length (IOL Master, Zeiss, Jena). All procedures
at baseline as well as during follow-up were conducted by the
same clinician and ﬁve repeated measures of biometry and three
repeated measures of corneal topography were obtained at each
follow-up visit. By recalling their old prescriptions (based on non-
cycloplegic refraction as reported by them), we could verify that
they were ﬁrst corrected for very low myopia when they wereeyes (A,C, E) and left eyes (B, D, F) for subject #1 (A, B), #2 (C, D) and #3 (E, F).
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early adult-onset myopia [20]. Also common to them was the fact
that their myopia had progressed by 0.50 D or more in at least one
eye during the year before study commencement. This fact was an
additional motivation for them to participate in the study as they
had been aware on the potential beneﬁt of corneal refractive
therapy for regulating myopia progression. They were informed
that the study was not intended to demonstrate the regulation of
their progression. None of them had used contact lenses before. In
addition to a full optometric examination including lensometry of
their habitual spectacle correction, the refractive history from the
ﬁrst manifestation of myopia was collected through the written
prescriptions they or their parents had kept over the years. Lenses
were ﬁtted according to the recommendations of the manufacturer
and procedures including corneal topography and ﬂuorescein
assessment of diagnostic lenses were performed according to
previously published protocols [19,21]. Fig. 1 shows the pre-
treatment and post-treatment topographical results for the 6 eyes
presented in this report.
Table 1 presents the demographic information along with the
refraction over the period of follow-up as well as optical biometric
data obtained with IOLMaster (Zeiss, Germany) during the last 2
years of follow-up with the CRT treatment plus the additional year
of follow-up after lens discontinuation. Five repeated measures
were obtained at each examination. The non-cycloplegic refractive
information available reports back to 2001 in one case and to 2004
in the other two cases when the onset of myopia was presumed to
take place according to the prescriptions recalled from them and
their parents. All three subjects were spectacles wearers and had
updated their prescription yearly or every two years from 2004 to
2009. Their progression was symmetric in both eyes showing anTable 1
Refractive history from presumed myopia onset, demographic, manifest non-cyclopleg
Gender Age
(by 2008)
History & follow-up 
Subject #1 Male 27
Presumed myopia onset:21
2002(onset)
2005
2006
2007
2008
2009(*)
2010
2011
2012(**)
2013
Subject #2 Female 23
Presumed Myopia Onset:17
2004(onset)
2005
2006
2007
2008
2009(*)
2010
2011
2012(**)
2013
Subject #3 Female 25
Presumed Myopia Onset: 21
2004(onset)
2005
2006
2007
2008
2009 (*)
2010
2011
2012(**)
2013
(*) Corneal refractive therapy (CRT) initiation: 2008; (**) CRT discontinuation: 2012; (-
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Contact Lens & Anterior Eye (2015), http://dx.doi.org/10.1016/j.clae.2015increase of 1.25, 0.75 and 1.75 for subject #1, #2, and #3,
respectively over the four year period between 2005 and 2009. At
the time of recruitment in the original study, their axial length was
not measured and this measure was only obtained from December
2009 and after. Axial length measurements showed small
ﬂuctuations with a trend to increase overtime during the 4 years
of follow-up. The accumulated changes in axial length averaged
0.12  0.03 mm ranging from 0.08 for the right eye of subject #2
and 0.15 for the right eye of subject #1. By 2012, the three subjects
discontinued the treatment as they were moving out of the
university to undergo post-graduate studies at other institutions
and were evaluated one year later in 2013. Corneal curvature
recovered to the original topographic pattern and the original Sim-
K readings after discontinuation with differences in apical radius
and Sim-K values 0.05 mm. Fig. 2 shows the patterns of relative
peripheral refractive error obtained with an open-ﬁeld autore-
fractometer following the procedures previously published [22–
23]. Data presented report the sagittal (FS) and tangential (FT)
astigmatic focal lengths for each eye of each subject, before and
after treatment [24–25]. It is observed that two subjects had a
signiﬁcant peripheral hyperopic sagittal focal length before the
treatment becoming emmetropic for the 70 of ﬁeld during
orthokeratology treatment. The tangential focal length was
emmetropic or slightly myopic before the treatment and became
much more myopic during treatment.
3. Discussion
This case series describes the clinical course of three myopes
with progressive, early adult-onset myopia whose refractive error
stabilized after initiation of corneal refractive therapy treatment.ic refraction and biometric data available from the three subjects.
Right eye Left eye
Refractive history Axial length Refractive history Axial length
0.25
1.00-0.25 165
1.50-0.25 155
(- - -)
2.000.25 160
2.250.25 160
Plano
Plano
Plano
2.50  0.50  155
–
–
–
–
–
25.53
25.57
(- - -)
25.68
–
–
–
–
–
25.52
25.55
(–-)
25.63
0.500.50  160
1.500.75 160
1.501.00  155
(- - -)
1.75 1.00  150
2.25 1.00  160
Plano
Plano
Plano
2.501.25 160
–
–
–
–
–
–
24.58
24.63
(- - -)
24.66
0.25  0.50  60
1.25  0.75  60
1.50  0.75  55
(- - -)
1.50  1.00  60
2.00  1.00  60
Plano
Plano
Plano
2.25 1.00  60
–
–
–
–
–
24.46
24.49
(–-)
24.59
0.25  0.25 170
0.50  0.50  120
1.00  0.50  120
1.25  0.25 180
1.50  0.25 165
1.75  0.50  165
Plano
Plano
Plano
2.00  0.50  160
–
–
–
–
–
24.35
24.40
(- - -)
24.48
0.25  0.25 170
0.50  0.25 180
1.00  0.25 145
1.50  0.25 180
1.50  0.25  165
2.00  0.25 165
Plano
Plano
Plano
2.25  0.50  175
–
–
–
–
–
24.54
24.57
(–-)
24.66
 - -): No data available.
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#3 (E, F).
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years of treatment and with minor changes after treatment
discontinuation. Based on the refractive history, those subjects
showed a typical pattern of early adult-onset myopia progression
[8]. Considering the efﬁcacy of orthokeratology in slowing myopia
progression in younger myopes, it might be argue that a similar
process might be expected in older myopes, considering that the
corneal changes would produce a similar peripheral refractive
effect that is supposed to be related with the myopia regulation
effect [26].
Even if we assume that myopia has not progressed after lens
ﬁtting, we cannot ensure that this is because of the corneal
refractive therapy treatment itself. An alternative explanation
might be found in a natural stabilization of these eyes with myopia.
Moreover, assuming that the initiation of the university period was
associated with the onset of myopia as a consequence of an
increased near-work demand, a decrease in such activities will
result in a stabilization of progression. However, we cannot justify
a change in the pattern of myopia progression after CRT lens ﬁtting
with a change in near work or other potential confounding factors.
Indeed, it is important to highlight that over the 5 years of follow-
up at our facilities the students remained with similar or increased
loads of near work due to accomplishment of undergraduate andPlease cite this article in press as: J.M. González-Méijome, et al., Stabili
Contact Lens & Anterior Eye (2015), http://dx.doi.org/10.1016/j.clae.2015MSc or PhD programs. According to the natural course of myopia
progression in adolescents and young adults we could hypothesize
that these subjects would probably continue progressing if left in
spectacles after 2009. The work of Grosvenor and Scott showed
that early adult-onset myopic eyes are expected to progress at a
rate of 0.18 D/year compared to youth-onset eyes becoming
myopic before 16 years of age who progressed at a rate of 0.25 D/
year [5]. Jorge et al., conducted a study in the same setting between
2003 and 2006 and showed that at least 22% of 109 subjects with
myopia between the age of 18 and 34 at recruitment time
progressed by at least 0.50 D over the 3 years [6]. Adult onset
myopia also presents similar rates of change with about half of the
subjects presenting an increase of 0.37 D or higher over a 2 year
period according to McBrien and Adams who studied a population
of microscopists [27]. In the context of the Cambridge Anti-Myopia
Study (CAMS), Allen et al. reported axial elongation of 0.15
 0.15 mm associated with an average progression of 0.33 D over
a period of 2 years [28]. We report slightly lower values for a period
of 4 years (2009–2013) in subjects of similar age. The CAMS results
represent a good comparison term for the interpretation of our
results as it reports on a clinical trial conducted in an atypical age
range of 14–22 years of age, matching the proﬁle of the pre-
university and university students as is the case of those reportedzation in early adult-onset myopia with corneal refractive therapy,
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values or myopia progression in these older populations are lower
than those observed in children in other clinical trials [29].
We observed a small trend for axial length increase over the 4
years and being greater after lens discontinuation. However, part of
this change might not be entirely attributed to actual elongation of
the posterior pole. The change during and after treatment is
minimal compared to the trend of progression before the
treatment as shown in Table 1. An explanation can be found in
the epithelial redistribution which decreases the central corneal
thickness. As the IOLMaster measures axial length from the
anterior corneal surface [30] corneal thickness changes should
reﬂect in the biometric measurement. However, according to the
refractive values involved (about 2.00–2.50 D of myopia) this
epithelial thickening is not expected to exceed the 20 mm [31].
González-Mesa et al. reported changes in the axial length and in
the anterior chamber depth in young adult subjects with stable
myopia corrected with orthokeratology [32]. These changes
reverted after lens discontinuation and their data are also in the
range of 0.1–0.15 mm as presented in our subjects. Although we do
not have baseline biometric values before lens ﬁtting, the increase
in axial length found after lens discontinuation might not reﬂect a
true axial elongation after lens discontinuation.
Considering the above, a true stabilization effect by the corneal
refractive therapy treatment is also plausible. Several studies,
including two controlled and randomized clinical trials [16,17]
have demonstrated that corneal refractive therapy is able to slow
myopia progression by 40–50% in young children irrespective of
their ethnicity or country in which they live. In those studies, the
age of the children enrolled varied from 7 to 12 years of age at
enrollment in the LORIC study conducted in Hong-Kong and
published in 2005 [10] to 8–16 years of age in the study conducted
by Kakita et al. in Japan and published in 2011 [12]. Regardless of
the age range being different, both studies showed similar
retention patterns. Furthermore, the Japanese study followed
the subjects for ﬁve years, and the regulation effect, despite lower,
continued over this period [33].
Considering the expected eye elongation is smaller in young
adults with early adult-onset myopia than in eyes of children with
early onset myopia, the potential beneﬁt of regulating myopia in
adult eyes will be lower. However, the present report, as well as
other reports of myopia progression in adulthood reinforces the
possibility that the strategies to regulate myopia progression
investigated in children may also be effective later in life and it may
be of value to regulate myopia progression in young adults by the
use of corneal refractive therapy lenses.
Although the changes in the peripheral refraction pattern [19]
are regarded as the mechanism to reduce myopia progression in
corneal refractive therapy, this has not been fully validated. None of
the studies has reported simultaneously the peripheral refraction
changes to establish a direct and independent association that
might point to peripheral refraction as a causative mechanism to
regulate myopia progression in humans corrected with corneal
refractive therapy. However, the results we present in Fig. 2, are
consistent with the mechanism. In fact, despite the relatively low
amounts of myopia corrected, both the tangential and sagittal focal
lengths became signiﬁcantly and slightly myopic respectively after
the treatment while they were low myopic, emmetropic or
signiﬁcantly hyperopic before treatment. Radhakrisnan et al., in
the context of the CAMS study, showed an association, although
weak, between changes in peripheral refraction and myopia
progression [34]. The nature of this report and the lack of a
statistical approach to a larger population does not allow us to
prove a relationship.
In summary, the present report of cases suggests that corneal
refractive therapy can be also effective in decreasing myopiaPlease cite this article in press as: J.M. González-Méijome, et al., Stabili
Contact Lens & Anterior Eye (2015), http://dx.doi.org/10.1016/j.clae.2015progression in university students presenting early adult-onset
myopia. Clinical trials are needed in order to establish the veracity
of this assumption as the present sample is too small to validate the
use of orthokeratology as a strategy of myopia regulation in adult-
onset myopia. Such trials should also measure the beneﬁt of
helping to reduce in a clinically signiﬁcant way the morbidity
associated with myopia for those subjects.
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